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ABSTRACT. Concentrations of indicator organisms in the stored rainwater in 
the  Makana  Municipality,  South  Africa.  The United Nations Millennium 
Development Goals’ target 7C seeks to halve the number of people without 
sustainable access to safe drinking water and basic sanitation by 2015. At present, 
supply of safe drinking water is still intermittent in some parts of South Africa due 
to infrastructural problems and droughts. Rainwater harvesting could be a solution to 
this problem. Microbial rainwater quality was evaluated in the Makana 
Municipality, South Africa. Enumerations were done using the membrane-filtration 
technique with m-FC and m-Endo agar and the indole test. One sample contained E. 
coli  at 1 colony-forming unit/100  cm
3, while the faecal coliform concentrations 
ranged from 0 to 98 colony-forming units/100 cm
3 in all samples. The total coliform 
concentrations ranged from 0 to 200 colony-forming units/100  cm
3. On-site 
treatment of rainwater was insufficient due to missing first-flush devices. Rainwater 
is suitable for subsurface irrigation of vegetable gardens. Strategies are required to 
involve the community in the design and building of new rainwater harvesting 
systems. 
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1. INTRODUCTION 
 
In 2010, 47.6 % of households experience water supply interruptions in 
South Africa (Statistics South Africa, 2011).  At the same time, drought was 
declared in parts of the country leading to water supply interruptions (PGE, 2009). 
Rainwater harvesting can be used as a means to sustain the water supply in such 
circumstances.  Buildings  where rainwater tanks can be installed include family 
homes, schools and/or community centres and rainwater is used for drinking and 
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irrigation in subsistence agriculture (Salukazana et al., 2005). After installation, 
microbial quality of the collected rainwater should be evaluated to establish its 
most appropriate use. Such an evaluation is described here for selected sampling 
sites within the Makana Local Services Area, which is administered by Makana 
Local Municipality.  Samples were taken and analysed between April and 
November 2010; and they are presented in this article. 
 
2. MATERIALS AND METHODS 
 
The following chemicals and consumables were purchased from Merck 
(Pty.) Ltd. (Johannesburg/Cape Town, South Africa): m-Endo agar, m-FC agar and 
tryptone  powder.  The five-hundred-millilitre  polyethylene bottles for 
microbiological sample collection, toluene  and Kovacs indole reagent  were 
purchased from Sigma-Aldrich (Johannesburg, South Africa). Ethanol was 
purchased from Chemstores (Rhodes University, Grahamstown, South Africa). The 
cellulose acetate  filters  (pore  size  0.45  μm)  for  the  membrane-filtration 
enumerations and the 90 mm sterile Petri dishes were purchased from EC Labs 
(Port Elizabeth, South Africa). Finally, nitril gloves were purchased from Lasec 
(Port Elizabeth, South Africa).  All sterilisations of inoculation and sampling 
equipment were conducted in the laboratory using the Model RAU-53Bd REX 
MED autoclave (Hirayama Manufacturing, Tokyo, Japan). On-site sterilisation of 
the nitril gloves worn by the sampler and the exterior of the sterile 500 cm
3 
sampling bottles was achieved chemically using 70 % ethanol. Where applicable, 
taps at rainwater tanks were subsequently sterilised in a similar fashion. 
Samples of the rainwater were obtained by one of two methods. In the first 
method, the sterile 500 cm
3 polyethylene bottle was opened and dipped into the 
rainwater tank. It was then filled to the brim with rainwater and closed 
immediately. Second sampling method involved opening the taps of the rainwater 
tanks and letting the water run for 15 seconds. The sterile 500 cm
3 polyethylene 
bottle was then opened and filled  to the brim with  rainwater; and closed 
immediately. All samples were kept on ice at 4 °C  during transport into the 
laboratory and until microbiological analyses were performed within 24 hours of 
sample collection. 
Concentrations of faecal coliforms (FC) and the total coliforms (TC) were 
enumerated using the membrane filtration technique on m-FC agar and m-Endo 
agar (Wutor et al., 2009), respectively. For the enumeration of E. coli (designated 
as EC in further text), a representative number of the FC colonies from the m-FC 
agar was picked off and re-inoculated into 5 cm
3 of sterile 0.1 % tryptone water. 
The inoculated tryptone-water samples were incubated at 44.5 ± 0.2 °C for 24 
hours and positive samples were detected using the indole test (DWAF, 1996a). A 
percentage of EC positive samples were subsequently converted into the total EC 
concentrations  in rainwater.  All  enumerations were performed in duplicate. 
Incubations were done in one of the following incubators: the Labcon incubator 
Model FSIM B (Labmark, Johannesburg, South Africa), the TS 606/3-I incubator 91 
(WTW, Weilheim, Germany), the Labcon low temperature incubator LTIE 10 
(Labmark, Johannesburg, RSA); and/or the Heraeus Model FT 420 (Heraeus 
Kulzer GmbH, Dormagen, Germany). 
Sampling sites included Sun City Community Centre, Eluxolweni 
Children’s Shelter, Andrew Moyake Primary School, St. Augustine’s Church, 
Samuel Ntisiko Primary School, Victoria School for Girls and the Continuing 
Education Centre at Rhodes University. The sample collection was carried out at 
these sites based on the requests  from  residents, permanent staff or NGO 
volunteers. The number of samples at a given sampling site was determined by 
access to it. Municipal officials were interviewed if water quality problems were 
encountered. No names or personal information are listed in this article. Therefore 
no ethical clearance for the study was required as indicated after consultations with 
the Ethical Committee of Faculty of Pharmacy at Rhodes University.  If the 
concentrations of indicator microorganisms indicated potential health risks, then 
interviews were conducted with residents or staff to establish whether diarrhoea 
cases as defined by Baquiha (1991), were observed on-site. Such interviews were 
conducted during site visits by the authors, or obtained through e-mail contact. 
Municipal officials were contacted only via e-mail to establish the presence of 
water treatment problems (e.g. lack of chlorination), or infrastructural issues (e.g. 
pipe bursts) in a particular sampled area. 
 
3. RESULTS AND DISCUSSION 
 
Concentration of indicator organisms are summarised in Table 1. 
Concentrations of EC, FC and TC were below 0 colony-forming units/100 cm
3 
(designated  CFUs/100  cm
3  in further text)
 in the rainwater samples from Andrew 
Moyake Primary School, the Victoria School for Girls (tank 1) and the sample 
taken at the Continuing Education Centre on 1
st November 2010. Only the sample 
from the Sun City Community Centre contained EC above 0 CFUs/100 cm
3 at 1 
CFUs/100 cm
3. The FC concentrations ranged from 0 to 98 CFUs/100 cm
3, while 
the TC concentrations ranged from 0 to 200 CFUs/100 cm
3. The maximum 
concentrations of FC and TC were observed in the samples tank 2 and 3 at the 
Victoria School for Girls, respectively.  Handia et al. (2003) found that 
concentrations of FC ranged from 0 to 7 CFUs/100 cm
3 and the TC concentrations 
values were equal to 0 to 8 CFUs/100 cm
3 in the Choma district, Zambia. Islam et 
al. (2010) reported the FC concentrations below 0 CFUs/100 cm
3  and the TC 
concentrations ranged from 0 to 11 CFUs/100 cm
3  in rainwater samples from 
Dhaka, Bangladesh. Lee et al. (2010) reported concentrations of TC from 0 to 320 
CFUs/100 cm
3 and the EC concentrations from 0 to 60 CFUs/100 cm
3 in rainwater 
samples from South Korea. Therefore, concentrations of indicator microorganisms 
observed in this study are comparable to the literature values. 
The South African drinking water regulations state that the concentration 
of EC in drinking water must be below 0 CFUs/100 cm
3 (SABS, 2006). At the 
same time, the Department of Water Affairs and Forestry water quality guidelines 92 
for domestic use (which includes drinking) state that the FC concentration in this 
water should be below 0 CFUs/100 cm
3 to avoid any risk of waterborne infection 
(DWAF, 1996a). If the concentrations of FC range from 0 to 10 CFUs/100 cm
3, 
then a slight risk of microbial infection exists if the collected rainwater is used to 
meet the domestic water demand on a continuous basis (DWAF, 1996a). However, 
short-term exposure is not expected to result in any infections (DWAF, 1996a). 
 
 
Table 1. Results of microbiological analyses of rainwater samples. 
 
Sampling 
site 
GPS  Date 
 
EC 
(CFUs/100 
cm
3) 
FC 
(CFUs/100 
cm
3) 
TC 
(CFUs/100 
cm
3) 
SCCC
a  S 33º 17’ 20.4’’ 
E 26º 31’ 51.2’’ 
16/04/2010  1  6  44 
ECS
b  S 33º 18’ 23.3’’ 
E 26º 32’ 00.6’’ 
16/04/2010  0  26  144 
AMPS
c  S 33º 18’ 38.0’’ 
E 26º 32’ 58.2’’ 
16/04/2010  0  0  0 
SAC
d  S 33º 17’ 21.4’’ 
E 26º 33’ 32.7’’ 
16/04/2010  0  0  10 
SNPS
e  S 33º 18’ 10.8’’ 
E 26º 32’ 48.1’’ 
16/04/2010  0  1  17 
VSG
f  
tank 1
 
S 33º 18’ 55.4’’ 
E 26º 31’ 28.4’’ 
05/08/2010  0  0  0 
VSG tank 2  S 33º 18’ 55.4’’ 
E 26º 31’ 28.4’’ 
05/08/2010  0  98  150 
VSG tank 3  S 33º 18’ 55.4’’ 
E 26º 31’ 28.4’’ 
05/08/2010  0  54  200 
CEC
g  S 33º 19’ 01.9’’ 
E 26º 30’ 46.6’’ 
14/09/2010  0  0  22 
CEC  S 33º 19’ 01.9’’ 
E 26º 30’ 46.6’’ 
15/10/2010  0  0  2 
a Sun City Community Centre 
b Eluxolweni Children’s Shelter 
c Andrew Moyake Primary School 
d St. Augustine’s Church 
e Samuel Ntisiko Primary School 
f Victoria School for Girls 
g  Continuing Education Centre at Rhodes 
University 
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If the concentrations of FC range from 10 to 20 CFUs/100 cm
3, then a 
definite risk of microbial infection exists if the collected rainwater is used to meet 
the domestic water demand on a continuous basis. Short-term exposure results in 
slight risk of such an infection occurring (DWAF, 1996a). If the FC concentration 
is higher than 20 CFUs/100 cm
3, then there is a significant risk of microbial 
infection if the collected rainwater is used to meet the domestic water demand on a 
continuous basis (DWAF, 1996a). At the same time, the risk of infection is directly 
proportional to the volume of water ingested and the FC concentration (DWAF, 
1996a).If the TC concentration ranges from 0-5 CFUs/100 cm
3  then there is 
negligible risk of a waterborne infection upon domestic use of rainwater (DWAF, 
1996a). If the TC concentration is between 5 and 100 CFUs/100 cm
3, then either 
rainwater has undergone inadequate treatment; microbial contamination has 
occurred after the treatment and/or  microbial re-growth  has taken place in the 
distribution system or during storage (DWAF, 1996a). As a result, there is a slight 
risk of a waterborne and infectious disease outbreak during occasional domestic 
use, while a high risk is associated with continuous use (DWAF, 1996a). If the TC 
concentrations in rainwater surpass 100 CFUs/100 cm
3, then analogical problems 
occur as with the previous concentration interval, except there is a significant risk 
of a disease outbreak associated with any domestic use as such rainwater (DWAF, 
1996a). Based on the discussion and the results in Table 1, only rainwater from 
tank 1 at the Victoria School for Girls and at the Andrew Moyake Primary school 
can be used for drinking. At the Andrew Moyake Primary School, taps were not 
fitted onto the rainwater tank thus preventing the use of rainwater for drinking 
water purposes. At the Victoria School for Girls, it was decided against the 
application of rainwater for drinking because the capacity of one tank (tank 1) was 
deemed insufficient to meet the drinking water demand of all pupils.  
It has been shown that contact of rainwater with the roofing materials 
during collection can provide a simple form of water treatment (Sharma, 2007), i.e. 
the roofing material can have a strong influence on the microbial rainwater quality 
inside the storage tank. Galvanised iron sheeting was used as the roofing material 
at all sampling sites with the exception of the CEC, where tiles were installed as 
the roofing material. Rainwater collected from roofs with galvanised iron sheeting 
should contain low concentrations of the indicator microorganisms, since rainwater 
is heated upon contact with the roof providing sterilisation (Sharma, 2007). Tile 
roofs could be the potential source of contamination as leaves and bird faeces can 
be caught and remain in the tile joints (Sharma, 2007). Such debris entrapment 
provides  a  possible  explanation for the TC concentration observed in the CEC 
rainwater sample taken on 14
th September 2010.  
The other form of treatment of rainwater collected from rooftops is the 
installation of the first-flush system. This is a by-pass in the piping which allows 
for the initial few millimetres of rainfall to be discharged away from the storage 
tank (Sharma, 2007). In this way, the microbial rainwater quality is improved 
because  leaves,  branches, and bird  faeces  (potential source of indicator 
microorganisms) are prevented from reaching to storage tank and affecting the 94 
microbial rainwater quality in it (Sharma, 2007). None of the rainwater storage 
tanks sampled had a first-flush system installed. The presence of the first-flush 
system has been shown to decrease the FC concentrations in rainwater below 0 
CFUs/100 cm
3 and lowered the TC concentrations to 0-11 CFUs/100 cm
3 (Islam et 
al., 2010). Absence of the first-flush systems could provide an explanation for non-
zero concentrations of FC and TC which were measured, with two exceptions. 
These were the Andrew Moyake Primary School and tank 1 at the Victoria School 
for Girls (see Table 1). At these two sites debris had not accumulated in the gutters 
and no droppings were observed on the rooftops, i.e. leading to harvested rainwater 
suitable for drinking (SABS, 2006). 
During the sampling at the CEC which took place on 14
th September 2010, 
an interview with the residents was conducted. It was established that two children, 
aged 6 and 12, living at the site, had suffered from diarrhoea from 7
th until 14
th 
September 2010. There were interruptions in the municipal water supply at that 
time, as confirmed by the residents and municipal officials. Therefore rainwater 
was used as the only source of drinking water by the CEC inhabitants. A follow-up 
inspection showed that gutters of the rainwater tank were blocked and had not been 
cleaned for several months. Debris blocking the gutters was the probable source of 
TC detected in the rainwater samples (see Table 1). This conclusion is supported 
by the decrease in the TC concentrations from 22 to 0 CFUs/100 cm
3 after the 
gutters at the site had been cleaned (see Table 1). At the same time, no further 
diarrhoea cases were reported on-site during follow-up interviews by the residents 
in October and November 2010. The CEC provides accommodation for the visiting 
faculty members at Rhodes University and scientists attending conferences on 
campus. Given the unreliability of the municipal water supply, rainwater is 
considered essential for the functioning of the facility. Therefore three sampling 
were conducted at this sampling site. This was a combination of the availability of 
access to the authors, as well as based on the requests by the inhabitants. 
Rainwater at the Sun City Community Centre is used to water a garden. A 
similar situation is observed at Eluxolweni Children’s Shelter, the St. Augustine’s 
Church and the Samuel Ntisiko Primary School. The FC concentrations at the St. 
Augustine’s Church and the Samuel Ntisiko Primary School were equal to 0 and 1 
CFUs/100 cm
3, respectively (see Table 1). These values are below or equal to 1 
CFUs/100 cm
3, indicating that this water could be used in unrestricted irrigation in 
vegetable  gardens (DWAF, 1996b). The FC concentrations at the Sun City 
Community Centre and the Eluxolweni Children’s Shelter were equal to 6 and 26 
CFUs/100 cm
3, respectively (see Table 1). These values fall within the range from 
1 to 1000 CFUs/100 cm
3, indicating that this water could be used for any irrigation 
except for vegetables or fruits consumed raw (DWAF, 1996b). This obstacle can be 
overcome by using the low-cost version of subsurface drip irrigation (Salukazana 
et al., 2005). 
The results of this study show rainwater in Manaka Municipality is of 
sufficient microbial quality to be used in irrigation. Lack of the first-flush systems 
at all the sampling sites is probably the most significant factor affecting the quality 95 
of microbial quality of rainwater. This observation is concerning since the first-
flush systems are considered standard part of rainwater harvesting technologies 
(Sharma, 2007). However, modifications can easily be performed to install these 
devices at all sampling sites. All rainwater tanks sampled were installed by Galela 
Amanzi (a local NGO from Makana Municipality) or the educational institutions in 
question. This NGO or the educational institutions were also the ones that initiated 
microbial rainwater quality assessment  by the authors. A good working 
relationship has been established between the authors of this paper and the end-
users of the stored rainwater. This collaboration is ongoing as the authors started 
providing technical advice on rainwater harvesting to address the infrastructural 
issues identified in this study. 
However, implementation of any rainwater harvesting programme will 
require the involvement of local community. This could be attempted from several 
angles. For example, the local community could be involved in the building of the 
ferrocement rainwater tanks, thus decreasing unemployment in the area. The cost 
of ferrocement tanks has been estimated at 470 USD for 10 m
3 of storage capacity 
or 3340 ZAR vs. 950-1150 USD or 6800-8200 ZAR for 10 m
3 of storage capacity 
if stainless polyethylene or steel are used (Handia et al., 2003). Thus focus on the 
construction of ferrocement rainwater tanks might be a way to increase rainwater 
harvesting capacity in the Makana Municipality at decreased investment costs. 
 
5. CONCLUSIONS 
 
Results of this study show rainwater in Manaka Municipality is of 
sufficient microbial quality to be used as a source of irrigation water. At individual 
sites, concentrations of indicator microorganisms are affected mainly by existing 
infrastructural drawbacks, such as lack of the first-flush systems at all sampling 
sites. Collaboration between academia, NGOs and local government will be 
essential in widespread rainwater utilisation to meet the drinking or irrigation water 
demand in Makana Municipality.  
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